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[57] 


ABSTRACT 


A statistical simulation of a semiconductor fabrication pro- 
cess is performed in parallel with the actual process. Input 
parameters derived from a probability density function are 
applied to the simulator which, in turn, simulates an actual 
fabrication process which is modeled as a probability den- 
sity function. Each simulation step is repeated with a random 
seed value using a Monte Carlo technique, a trial-and-error 
method using repeated calculations to determine a best 
solution to a problem. The simulator generates an output in 
the form of a ratability distribution. The statistical simu- 
lation uses single-step feedback in which a simulation run 
uses input parameters that are supplied or derived from 
actual in-line measured data. Output data generated by the 
simulator, both intermediate output structure data and WET 
data, are matched to actual in-line measured date in circum- 
stances for which measured data is available. The probabil- 
ity density structure of the simulator is adjusted after each 
simulation step so that simulated data more closely matches 
in-line measured data. 

20 Claims, 10 Drawing Sheets 
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SYSTEM FOR MONITORING AND 
ANALYZING MANUFACTURING 
PROCESSES USING STATISTICAL 
SIMULATION WITH SINGLE STEP 
FEEDBACK 

FIELD OF THE INVENTION 

The present invention relates to manufacturing processes 
such as integrated circuit fabrication processes. More 
specifically, the present invention relates to a feedback 
system for analyzing and monitoring a manufacturing pro- 
cess. 

BACKGROUND OF THE INVENTION 

Process simulation is the usage of processing 
experiments, typically using a computer, as directed by 
mathematical models created to describe a process phenom- 
ena. Many simulation and analysis tools (for example, 
Pisces, Medici, Suprem3, Suprem4 and PdFab) have been 
developed to assist process integration and device develop- 
ment. These tools have not been as widely employed for 
integrated circuit manufacturing. Generally, these tools are 
developed primarily for research and development purposes 
and do not adequately address various difficulties that arise 
in the manufacturing environment 

Several characteristics are generally applicable to the 
manufacturing environment and distinguish the manufactur- 
ing environment from a process integration and device 
development environment One characteristic of the manu- 
facturing environment is that measurable aspects of pro- 
cesses are have a fundamentally statistical nature, rather than 
a deterministic nature. Process variations and measurement 
errors are inherent to manufacturing processes so that sub- 
stantially all data measured in a manufacturing environment 
is statistical. Exact measurement values are generally not 
available for each device at each stage of a manufacturing 
process so that a single data point is insufficient to justify a 
decision relating to the process. For example, if it is known 
that application of input parameters A and B to a fabrication 
process to yield an output variable C, what is truly known is 
that input parameters A and B each have a statistical profile 
that, when combined in the fabrication process, yield a 
statistical profile C shown in FIG. 1. The most useful 
information available in a manufacturing environment is the 
form of the statistical profile which results from the process. 
Unfortunately, nearly all information that is utilized in the 
manufacturing environment and all input parameters to a 
fabrication tool are expressed in the form of single-valued 
parameters, rather than in statistical profiles. 

While conventional simulation and analysis tools do not 
suitably address the statistical nature of manufacturing 
processes, these tools are also deficient in failing to take 
advantage of the extensive process variables, in-line mea- 
surements and Wafer Electrical Testing (WET) data mea- 
surements mat are available. WET testing includes testing 
for various device electrical parameters including threshold 
voltage and drive current that are measured at a wafer level, 
before bonding. Conventional simulation and analysis tools 
designed for research and development generally presume 
that a fabrication process is not yet operational for actual 
manufacturing. Therefore, these conventional simulation 
and analysis tools are not sufficiently flexible for a manu- 
facturing engineer to make optimizations of the process. 
Specifically, these conventional tools do not allow the manu- 
facturing engineer to utilize the extensive statistical data that 
is available in a manufacturing process to optimize the 
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simulation model. Furthermore, for simulation tools that use 
either an empirical approach or an analytical approach, the 
model fitting parameters do not have sufficient degrees of 
freedom to match the extensive data that are available from 
5 an actual manufacturing process. 

Another characteristic of the manufacturing environment 
is that monitoring of manufacturing processes and improve- 
ment of these processes is a fine-tuning process. Each tuning 
step includes a measurement of small differences in process 

10 variables with these differences being attributable at least in 
part to statistical fluctuations and also to complicated inter- 
actions between multiple reactions of the process as various 
process parameters are modified. Process results are typi- 
cally difficult to measure with accuracy. A large number of 

15 highly variable factors influence process results. Modifica- 
tion of a single factor in isolation from other factors is 
difficult. This difficulty arises not only from a limited 
understanding of a factor's influence on the process but also 
because the various factors cause complex inter-related 

2Q cross effects and interactions. Thus, a simulation and analy- 
sis tool that a production engineer confidently uses needs to 
supply a much higher order of measured precision of the 
data. Mere indications of data trends are insufficient. What 
is sought in the development of manufacturing tools and 

25 techniques is not a drastic change in a fabricated structure, 
but rather a small adjustment in characteristics. For example, 
what typically produces an improvement in an integrated 
circuit structure, such as an LDD structure in a transistor, is 
a change in dopant dosage of about ten percent or a change 

30 in applied temperature of 100° C The combination of die 
small size of the adjustments which are achieved by process 
modifications and the difficulty in measuring results of the 
modifications accurately manifest a disadvantageous char- 
acteristic of the manufacturing environment akin to a poor 

35 signal-to-noise ratio in signal processing. 

Manufacturing simulation tools are calibrated prior to 
performing a simulation test Calibration is typically accom- 
plished by entering calibrated input parameters that are 
generated either experimentally or by previous simulation. 

40 In conventional manufacturing process calibration, a speci- 
fied value of a parameter is fitted to produce a specified 
process output value. Realistic simulation results are rarely 
achieved using conventional simulation and calibration 
techniques since these techniques do not capture the true 

45 nature and complexity of the manufacturing process. 
Furthermore, conventional calibration processes require an 
intense study of device engineers before a simulation tool 
becomes useful. Thus, the calibration processes cause sig- 
nificant delay in process qualification and improvement 

50 This problem is worsened by the fact that calibration pro- 
cedures are repeated continuously as the environment in the 
manufacturing area changes over time. 

These characteristics of the manufacturing environment 
are applicable to an analysis of manufacturing monitoring as 

55 well as process improvements. For example, it is often 
desirable to know how processes change over time to track 
changes in fabrication results of a small amount, such as 3 
percent, over time, for example 3 weeks to yield an ultimate 
result Furthermore, these small differences are typically 

60 measured in an environment of statistical fluctuation and 
measurement error. 

Although many characteristics of the manufacturing envi- 
ronment are disadvantageous, several are advantageous. 
One advantage is that specification of the structure resulting 

65 from the manufacturing process is well defined. Another 
advantage is that actual in-line measurement data acquired at 
various stages of the manufacturing process and actual WET 
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data arc plentiful and easily available. These data include manual calibration by furnishing a calibration framework in 

statistical profile data that are highly informative regarding which specific parameters are modified independently and 

the manufacturing process. the results of these modifications are easily tracked. Thus, a 

What is sought is a technique for tracking and analyzing whole range of calibration information is that 

manufacturing processes such that inaccuracies arising from 5 independently tracks modifications in specified parameters 

statistical fluctuations, complicated interactions, and mea- " sin g single-step feedback. 

surement errors are avoided or compensated so that process Another advantage of the disclosed method is that the 

modifications that produce even small differences can be defect rate of fabricated devices is very low due to the 

measured, monitored and analyzed. reduction in handling. A further advantage of the method 

10 that results from the reduced handling is a substantially 

SUMMARY OF THE INVENTION reduced manufacturing cost 

si^a"^ BRIEF DESCRIPTION OF THE DRAWINGS 

formed in parallel with the actual process. Input parameters ^ The features of the invention believed to be novel are 

extracted from actual fabrication data and expressed in the specifically set forth in the appended claims. However, the 

form of a probability density function are applied to the invention itself, both as to its structure and method of 

simulator which, in turn, simulates an actual fabrication operation, may best be understood by referring to the 

process which is modeled as a probability density function. following description and accompanying drawings. 

Each simulation step is repeated with a random seed value ^ mQ x labeled Prior Art, is a sequence of graphs which 

using a Monte Carlo technique, a trial-and-error method m ustrate a black-box analysis of a manufacturing process, 

using repeated calculations to determine a best solution to a showing statistical profiles of two process input parameters 

problem. The simulator generates an output in the form of a whkh ^ coj^bination, yield a statistical profile of an output 

probability distribution. variable. 

The statistical simulation uses single-step feedback in ^ mQ 2 is ft block sho wing components of a 

which a simulation run uses input parameters that are sijnu iation system in accordance with an embodiment of the 

supplied or derived from actual in-line measured data. Qt 

in-Une measured data in circumstances for which measured ™ Process of the simulation system shown in FIG. 2. 

data is available. The probability density structure of the FIG. 4 is a flow chart of a calibration process of a 

simulator is adjusted after each simulation step so that statistical simulation method in accordance with an embodi- 

simulated data more closely match in-line measured data. ment of the present invention. 

The essence of the single-step feedback is that one dedicated FIG. 5 is a flow chart of a measured data highpass filtering 

series of Monte Carlo simulations exists for the calibration 35 operation of the calibration process shown in FIG. 4. 

of each individual process step, using calibration results FIGS. 6(A), 6(B) and 6(C) are a sequence of graphs which 

from all of the previous steps. For example, if a process illustrate intermediate results of a measured date highpass 

includes fifty process steps and one hundred Monte Carlo filtering operation depicted in FIG. 5. 

simulation steps are needed to build the calibration model FIGS. 7(A), 7(B), 7(C), and 7(D) are a sequence of graphs 

then the simulation process will include 5000 simulation ^ which mustratc intermediate results of a specified data 

steps in the calibration process, each starting from the first j^p^ filtering operation. 

step to the calibrating step. . . . FIG. 8 is a flow chart which illustrates steps of a matching 

The statistical simulation includes two types of simulation operation for matching actual data to simulated data. The 

runs including calibration runs and prediction runs. Both is a step of the calibration process 

types of simulation runs are statistical simiuations which 45 ^ respect to pjo. 4 . 

employ a probability density function as a basic elementary d ^ f fa a fl J^art which illustrates steps of a r*edic- 

UI ~" ... . ... . . , ... „.,^,„ J.,. ,„ tion process of a statistical simulation method in accordance 

The calibration run calibrates ""^"^^ » with an embodiment of the present invention, 

match actual in-line measured data. A simulation operator * 

specifies the actual in-line measured data to be employed for so FK>. 10 is a flow chart showing elements of an overall 
the calibration run. For example, in a typical fabrication structure of a fabrication system in accordance with an 
process, particular process parameters including fabrication embodiment of the present invention, 
tool- specific parameters, temperatures, pressures, deposition DETAILED DESCRIPTION 
material concentrations, and the like, arc specified indepen- 
dently. Results of calibration runs are compared and param- 55 FIG. 2 is a block diagram showing components of a 
cters are updated as a result of these comparisons so mat the simulation system 200, including various fabrication equip- 
process is specialized for selected fabrication characteristics. ment 210, various test equipment 212 for measuring process 
The described process has many advantages. One advan- parameters and a simulation computer system 214. In an 
tage is mat the described apparatus and method combine actual fabrication process, typically a plurality of fabrication 
statistical analysis of extensive available measurements with 60 equipment 210 is employed to carry out different steps of the 
feedback to an in-line manufacturing process line. In fabrication process. At several stages of the fabrication 
addition, the automatic calibration feature of the statistical process, process parameters are acquired using the test 
simulation method advantageously complements manual equipment 212. Acquired process parameter data are con- 
calibration of a fabrication process. A simulation operator veyed to the simulation computer system over a transmis- 
roaintains the capability to manually calibrate fabrication 65 sion path 216. The transmission path 216 is any suitable 
parameters by simply changing parameter values in the communication system such as transmission wires or net- 
simulator. The automatic calibration feature facilitates work lines. Other data transmission methods may include 
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manual techniques such as conveyance by magnetic disk. process 450. The actual in-line process 420 includes with a 

Examples of fabrication equipment 210 include CVD wafer start step 422 for initializing process parameters takes 

reactors, vacuum pumps, ion implantation equipment, depo- place, a single process step 424 for performing a single 

sition equipment, photolithography equipment, optical selected fabrication process step, a measurement step 426 

aligners, photomasks, wafer cleaning equipment, wet etch- 5 for measuring a result of the selected fabrication process, a 

ing equipment and the like. Examples of test equipment 212 process end step 428 for terminating the selected fabrication 

include residual gas analyzers, spectral analyzers, electrical process and the measure WET data step 430 for measuring 

probes, optical dosimetry measurement equipment, optical WET data parameters. Adjustment of different process steps, 

microscopes, laser reflectometry equipment, spectroscopes which are suitable for simulation analysis, of a plurality of 

and similar data acquisition tools that are known in the art 1Q suitable process steps is performed independently in this 

of manufacturing. The simulation computer system 214 is manner. A process step which is suitable for simulation is a 

any suitable computer system which includes common com- process step that: (1) produces a fabrication result that is 

putational functionality and common communication opera- important to the functionality or structure of an integrated 

tions for receiving process data. In one exemplary circuit, (2) produces a measurable result, (3) is capable of 

embodiment, a SUN SPARC 20™ application server with a 15 simulation, and (4) responds to changes in simulation 

network of x86 PC interface clients are employed as the parameters with differences in function or structure, 

computer system 214. A customized PdFab™ simulation Examples of suitable process steps include pad oxidation 

tool and conventional software, including Microsoft before channel implant, gate oxidation, gate etch and spacer 

Excel™ and Microsoft Access™ are used to process data. oxide steps. Typically, two types of output data are measured 

The simulation system 200 is a simulation and analysis 20 that result from a fabrication process step, including vertical 

tool for a manufacturing environment that incorporates dimension data and horizontal dimension data. Examples of 

several objective properties. First, the simulation system 200 vertical dimension data include oxide growth, gate oxide 

provides for simulation and analysis in which data is input, thickness, polysilicon thickness data and the like. Horizontal 

processed and output with an arbitrary statUtical distribution dimension data include polysilicon gate length and LDD 

profile since actual fabrication data statistics may not be 25 spacer width, for example. 

distributed in a Gaussian profile. Second, the simulation Doping profile data results from processes which are 

system 200 furnishes a capability to utilize any measured assumed to be stable so that a doping profile is typically 

data, if available, to improve the accuracy of simulation known, allowing simulation on the basis of theoretical 

results. The simulation system 200 also allows data supple- estimations of parameter values, rather than measured data, 

mentation to achieve a best possible simulation even if some ^ in one example of a suitable selected fabrication process, the 

statistical data is not measurable or is otherwise unavailable. single process step 424 performs a gate oxidation process 

Third, the simulation system 200 is flexible and allows and the in-line measurement step 426 measures a data profile 

models underlying the simulation to be upgraded and G f oxide thickness. 

improved. Fourth, the simulation system 200 performs sub- Corresponding steps of the simulation process 450 are 

stantially all operations promptly and automatically without 35 performed in parallel with steps of the actual in-line process 

conflicts with existing data collection and analyzing systems 420. A simulation start step 452 begins the simulation 

in the fabrication. process 450 in response to initializing data from the actual 

Referring to FIGS. 3A and 3B, two-run process of the in-line process 420. The wafer start step 422 generates initial 
simulation system 200 includes two different run modes of data, such as orientation data, that is measured and trans- 
operation, specifically a calibration run 310 depicted in FIG. 40 f erred to the simulation process 450, typically through a 
3A, and a prediction run 320. In the calibration run 310 manufacturing control system, such as Workstream™, the 
depicted in FIG. 3A, available data are processed to generate remote access channel of the manufacturing control system, 
fitting functions for matching simulated and measured data. such as Remote Workstream™, and a network connection to 
Thecaliteationrun310indudesasta^ the application server, such as TCP/IP. A simulation start 
and actual measurements 314. Results of the simulation step 45 step 452 initializes parameters of the simulation process 450 
312 and the actual measurements 314 are processed accord- to arbitrary, used-defined values. Following the simulation 
ing to a fitting function 316. The calibration run 310 includes start step 452, a simulation step 454 simulates the actual 
a series of single simulation steps 312, each with corre- process step performed in single process step 424, first using 
sponding actual measurements (both process parameters and arbitrary, user-defined parameters and later adapting the 
in-line/WET data) 314. Results of a plurality of the simu- 50 parameter values on the basis of actual in-line measure- 
lation steps 312 and the actual measurements 314 are ments. Various miscellaneous input parameters such as 
processed to produce a fitting function 316. Each simulation processing time are designated by the test operator. These 
step 312 processes data accumulated using all fitting func- i npu t parameters are applied to the single process step 424 
tions previously calculated during the calibration run 310. and the simulation step 454. Input data may be applied in 

In the prediction run 320 depicted in FIG. 3B, measured 55 several formats. However, the input data is converted into a 

data and the fitting functions calculated in the calibration run statistical distribution function before actual processing 

310 are used to predict unknown data. During the prediction begins. For an array of input data points, data is sorted and 

run 320, if any process parameter is missing from the the probability of a data value being between any two 

existing database, the statistical distribution function used in consecutive data points is assumed to be the same. For data 

the corresponding calibration run 310 replaces the missing 60 presented in statistical form, such as data with a mean, 

parameter. If any WET data or in-line parameter is contained standard deviation and range limits, the data is modeled in 

in the existing dataset, these WET data or in-line parameters a statistical distribution function as a truncated Gaussian 

replace computed values without changing fitting functions. profile for usage as a statistical distribution function. For 

Referring to FIG. 4, a flow chart of a calibration process data presented in a statistical form, such as a mean and range 

400 of the statistical simulation method is shown. The 65 limits, the data is modeled in a statistical distribution func- 

calibration process 400 includes two parallel processes tion as a truncated Gaussian profile with each specified limit 

including an actual in-line process 420 and a simulation being presumed to deviate from the mean value by three 
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standard deviations. If the mean is not centered between the 
range limits, the function is modeled as an asymmetric 
profile and is considered the combination of two half- 
Gaussian profiles that have the same population and differ- 
ent standard deviations. For data presented in a statistical 
form, such as a mean and standard deviation, the data is 
modeled in a statistical distribution function as a Gaussian 
profile. Data presented as a single data point is used only for 
parameters that are insignificant when no additional infor- 
mation is unavailable. Each actual or simulation result, 
including intermediate results, is applied to the simulation 
and process as a statistical distribution function, rather than 
a single data point Thus, a statistical distribution function is 
the elementary data type in the simulation system 200. 

Simulation step 454 operates on the basis of statistical 
simulation in which a simulation step is repeated many 
times. Each single simulation run computes one value from 
each input statistical distribution function, processes the 
input values in accordance with a corresponding physical or 
device model, and obtains a value for each output statistical 
distribution function. A higher number of simulation repeti- 
tions results in improved accuracy in the output distribution. 

One example of an input processing parameter is a 
processing time parameter. In addition, various actual in-line 
measurements are acquired during the single process step. 
Results of these in-line measurements arc communicated to 
the simulation step 454 by a highpass filter step 456. The 
highpass filter step 456 niters input parameters and in-line 
measured data from the single process step 424 and per- 
forms digitized processing to generate an output of a discrete 
probability density function. Simulation results from the 
simulation step 454 are applied to a generate simulated 
profile step 458 and to a random seed step 460. The random 
seed step 460 updates a seed value for Monte Carlo tech- 
nique simulation and applies the updated seed value to the 
simulation step 454. The generate simulated profile step 458 
constructs a simulated profile which is used for matching 
analysis of actual and simulated results. The simulation 
take s place in a plurality of Monte Carlo steps, each step 
including one pass through the simulation and random seed 
steps 454 and 460. 

Multiple-pass feedback steps that are performed in the 
simulation and random seed steps 454 and 460 are illustra- 
tive of a single-step feedback concept for rxrforming cali- 
bration of the simulation system 200. Each single simulation 
step is evaluated independently of other simulation steps. In 
one simulation step, data are measured and applied to a 
simulation step and results of the simulation are fed back to 
the process. Simulation results are used only to compute the 
fitting function for data measured within the simulation step. 
Using the single-step feedback concept, measured data is 
flexibly used to improve simulation accuracy while the 
interaction between different simulation steps and propaga- 
tion error are reduced. 

The single-step feedback concept is substantially different 
from conventional simulations in which an entire simulation 
is completed in each simulation run with intermediate output 
values of all simulation steps being assembled and the 
output fitting function being calculated all at one time. 

Subsequent to the single process step 424, the in-line 
measurement step 426 measures the data profile of oxide 
thickness and communicates the data profile result to an 
actual data to simulated data comparison step 462. The 
actual data to simulated data comparison step 462 receives 
simulated data from the generate simulated profile step 458 
and actual in-line data from the in-line measurement step 
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426, and compares these data profiles digital sample by 
digital sample, for example by calculating the point-by-point 
difference of the profiles. The difference profile is stored in 
store difference profile step 464. A determine matching 
process to convert step 466 determines whether to convert 
simulated profile data using previous simulated data or 
actual data on the basis of the difference profile determined 
by the data comparison step 462. A conversion operation is 
performed on the simulated profile in matching process 
conversion step 468 which iteratively converts the simulated 
profile received from the generate simulated profile step 458 
on the basis of the difference profile received from the data 
comparison step 462. The matching process conversion step 
468 combines the difference profile and the simulated profile 
and produces a conversion function. The conversion func- 
tion is then used to match any arbitrary simulated point to a 
converted simulated point for latter simulation. One way to 
obtain the conversion function uses Newton's interpolation. 
Thus, for a data range defined by actual measured data, 
Newton's interpolation is used to define a continuous func- 
tion based on percentile matching. For a data range not 
denned by actual measured data, a third order polynomial is 
used to define the continuous function. This matching 
method furnishes a suitable balance between flexibility and 
accuracy. 

After each single process step and each simulation step is 
complete and the simulated profile is generated, additional 
process steps may be performed and additional simulation 
process steps including various simulation, highpass filter, 
generate simulated profile, random seed, actual data to 
simulated data comparison, store difference profile and 
determine matching process to convert and matching pro- 
cess conversion steps may be performed for the application 
of additional fabrication processes. For each single process 
step of actual in-line fabrication and each corresponding 
simulation, a full actual in-line process and a full simulation 
are performed, using random input parameter data, so that 
independent processing stages are performed with actual 
fabrication steps proceeding in parallel with simulated steps. 

Following all actual process steps, actual processing 
terminates with an actual process end step 428 and the 
measure WET data step 430 measures the final output data 
of the fabrication process and generates a WET data profile. 
The WET data is processed in a highpass filter step 432 to 
generate filtered WET data. 

Following all simulated process steps, simulation termi- 
nates with a simulated process end step 470 and a full device 
simulation step 471 is performed by device simulation step 
471 step 472. The device simulation step 472 incorporates 
profile information derived in previous simulation steps and 
utilizes Monte Carlo analysis using random seed simula- 
tions. A generate device simulation profile step 473 gener- 
ates a device profile that corresponds to the actual calculated 
WET data. A device profile matching step 474 compares the 
WKT data to the device data generated by the device 
simulation step 471 digital sample by digital sample, for 
example by calculating the point-by-point difference of the 
profiles. This device difference profile is stored in store 
device difference profile step 476. A determine matching 
process to convert WKT data step 478 determines whether to 
convert simulated profile data using previous simulated 
WET data or actual WET data on the basis of the difference 
profile determined by the device profile matching step 474. 
A conversion operation is performed on the simulated WET 
data in WET statistical profile conversion step 480 to 
generate the final output profile of the calibration process 
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Output data that is generated by the calibration process 
400 includes all of the matching profiles and all simulated 
profiles. 

In some embodiments of the calibration process 400, the 
actual in-line process 420 and the simulation process 450 are 
completely automatic, being performed in parallel, simulta- 
neously and in real time. In other embodiments, the actual 
in-line process 420 and the simulation process 450 are 
performed in parallel but not in real time so that the various 
actual process steps and simulation steps are performed 
generally independently but with data acquired from mea- 
surements on the actual in-line process 420, filtered off-line 
in steps such as the highpass filter step 456, and communi- 
cated to the simulation process 450, off-line. 

In some embodiments of the calibration process 400, 
in-line data extraction from die actual in-line process 420 is 
automated and the highpass filtering in steps such as the 
highpass filter step 456 is operated for pre-selected samples 
of actual in-line data automatically and periodically. 

Referring to FIGS. 6(A), 6(B) and 6(C) in conjunction 
with a flow chart shown in FIG. 5, a highpass filtering 
operation for highpass filtering measured data is described 
graphically. The highpass filtering operation is performed in 
the highpass filter steps 432 and 456 shown in FIG. 4, for 
example. FIG. 5 is a flow chart depicting steps of a highpass 
filter operation 500 for filtering measured data. Data is 
measured in measurement step 510 and measured data is 
counted in each of a plurality of quantized error ranges ox 
in fill histogram step 512. Data is in the form of process 
parameters, in-line measurements and WET data. Generally, 
process parameters include any suitable and meaningful 
process parameters that may be measured, observed or 
specified during a fabrication process. Suitable process 
parameters include furnace temperatures and deposition 
times, for example. In-line measurements include any mea- 
surements of process results such as oxide thickness for a 
gate oxidation process step, polysilicon thickness for depo- 
sition steps, and the like. WET data includes electrical 
parameter measurements such as threshold voltage (Vth), 
saturation threshold voltage (Vsat), maximum transconduc- 
tance (Gm) and saturation current (Idsat). Process steps of 
pad oxidation before channel implant, gate oxidation, gate 
etch and spacer oxide steps are considered most influential 
for controlling these WET data parameters. A process 
parameter designates a specified parametric value which 
serves as an input parameter to a process. The in-line 
measurements and WET data are measured as results or 
applied as input parameters to the process. 

FIG. 6(A) shows a histogram of actual in-line data mea- 
surement values shown on the horizontal axis in a quantized 
error range ox and the number of data points falling within 
each 5x range of measurement values on the vertical axis. 
The highpass filtering operation described with respect to 
FIGS. 6(A), 6(B) and 6(C) operates on measured and 
observed data. 

Referring again to FIG. 5, error quantization step 512 
modifies quantization of the error term 5x into a step size 8y 
in a predetermined manner so that each 5y is the largest 
value which is less than 5x and equal to the difference 
between the maximum and minimum value x divided by an 
arbitrary integer n. FIG. 6(B) shows a histogram of actual 
in-line parameter values shown on the horizontal axis in 
terms of the n groupings of quantized step size 6y. These 
values are normalized in data normalize step 516 so that 
each histogram value indicates a percentage of the total 
number of data points falling within each step size range. 
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Derive probability density function step 518 function step 
516 calculates a probability density function of the actual 
in-line parameter values. An example of the probability 
density function is shown in FIG. 6(C). Generate probability 

5 density table step 520 assembles a table of n probability 
density function values in ascending order of steps Sy. 

Referring to FIGS. 7(A), 7(B), 7(C) and 7(D). a highpass 
filtering operation for highpass filtering specified data is 
described graphically. For specified data, a probability den- 

10 sity function is derived theoretically rather than experimen- 
tally so that no data is processed. Specified data is specified 
by various statistical parameters. In one example, specified 
data is specified by a mean parameter value u, a standard 
deviation value p, a maximum parameter value and a 

15 minimum parameter value so that a probability density 
function is fitted to a Gaussian distribution as is shown in 
FIG. 7(A). In another example, specified data is specified by 
a mean parameter value u and a standard deviation value p 
alone so that a probability density function is fitted to a 

20 Gaussian distribution as is shown in FIG. 7(B). In a further 
example, specified data is specified by a mean parameter 
value u, a maximum parameter value and a rmninuim 
parameter value so mat a probability density function is 
fitted to an asymmetric Gaussian distribution as is shown in 

25 FIG. 7(C). In another example, specified data is specified by 
a mean parameter value u alone so that a probability density 
function is estimated to a Gaussian distribution as is shown 
in FIG. 7(D). Generally, a more suitable probability density 
function is calculated when more parameters are supplied as 

30 opposed to fewer parameters. 

Referring to FIG. 8, a matching operation 800 for usage 
in the actual data to simulated data comparison step 462 and 
the device profile matching step 474, both shown in FIG. 4, 
is illustrated by a flow chart First, actual data is highpass 

35 filtered in the manner described with respect to FIG. 5. 
Specifically, the matching operation 800 includes the fill 
histogram step 512, the error quantization step 514. the data 
normalize step 516, the derive probability density function 
step 518 and the generate probability density table step 520. 

40 In a match profile step 820, the probability density table for 
simulated data generated in a step which generates simulated 
data such as generate simulated profile step 458 and the 
generate device simulation profile step 473, both shown in 
FIG. 4 is fitted to the probability density table for the actual 

45 data generated by the generate probability density table step 
520. Profile fitting is performed by forcing the step sizes of 
the simulated profile 5y* so that the percentage of the total 
number of data points falling within each variable step size 
range of the simulated profile matches the percentage of data 

50 points in each fixed step size range of the actual data profile. 
In this manner, a difference profile is generated which 
includes a 4 times n array of step samples. For each of the 
n step size samples, four elements are stored including an 
amplitude number indicative of the percentage of total data 

55 points for each step dement, the ascending fixed-size Sy 
steps for the actual data, the ascending variable-size 5/ steps 
for the fitted simulated data and elements indicative of the 
difference step sizes Sy-Sy 1 . 
In a detennine best fit step 822, a best fit function for the 

60 amplitude number is derived using a selected fitting 
function, as is known in the art such as a polynomial fit 
function, a spline function or the like. In one example of a 
best fit function, a constant function is applied and residue 
(difference) calculated, then a linear polynomial fit is applied 

65 and residue calculated. If the difference is residue is less than 
a designated amount, a constant function furnishes a best fit 
If neither the constant nor the linear polynomial functions 
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supply a best fit a second order polynomial function is 
applied. Similarly, higher order polynomial functions are 
applied until a best fit is found Generally, the best simulator 
is a simulator in which the best fit is a constant function or, 
if a constant function does not yield a best fit, a lower order 
polynomial function. 

One advantage that is achieved by the matching operation 
800 is a high simulation accuracy based on the 
automatically-obtained precise fitting function between a 
calibration oulput statistical distribution and actual data. 
This operation statistically fits two data populations for 
which the entire percentile distribution is known so that the 
fitting function for a range of parameters and data measure- 
ments is simply calculated by a direct percentile correlation. 
This means, for example, that 10%, 35%, and 75% of the 
output statistical distribution function is mapped to 10%, 
35%, and 75% of the actual data. Data values between two 
data points is accurately measured by interpolation. 

A further advantage of the matching operation 800 is that 
the process is flexible and applicable for substantially any 
profile for any number of data samples. Another advantage 
is that the fitting function applies to out-of-range data points. 
A further advantage is that low pass and high pass filters may 
be applied to the resulting data to compensate for measure- 
ment inaccuracy. 

The matching operation 800 also handles out-of-range 
data and predicts possible outcomes that result from appli- 
cation of experimental process parameters that have values 
outside conventional limits. Therefore, the matching opera- 
tion 800 extends beyond the region defined by calibration 
data. From numerical analysis theory, the higher the extrapo- 
lation function order, the larger the possible error. To com- 
promise the accuracy and flexibility of the fitting function, 
a third-order polynomial is used for the fitting function in a 
region not defined by calibration data. 

Following the calibration process, a prediction process is 
performed. The operator specifies input parameters for the 
prediction process including any operator-selected input 
parameters or profiles. Any input parameters mat are not 
specified default to parameters or profiles that are derived in 
the calibration process. Referring to FIG. 9, a prediction 
process 900 begins with a simulation start step 910 in which 
operator-specified input parameters and profiles are entered 
and default input parameters and profiles arc installed. In 
user-defined simulation step 912, a simulation is performed 
and profile derived using user-specified data and data from 
a processed table. Following the simulation step 912, a 
simulated profile is generated in simulated profile step 914. 
A matching conversion step 916 combines the difference 
profile and the simulated profile and produces a conversion 
function. A converted structure is derived in step 918. 
Various process parameters are simulated in this manner 
until a process end step 920 terminates the prediction 
simulation. A device simulation is then performed in device 
simulation step 922. A profile generated from the device 
simulation is then matched in matching to convert step 924, 
thus generating simulated WET data. 

The WET data derived from device simulation is deter- 
mined in precisely the same manner as the in-line data after 
process simulation, using the same matching and conversion 
techniques. 

One advantage of the simulated process method is that 
simulated and actual data are all treated uniformly and in a 
statistical, rather man deterministic, manner. Another advan- 
tage is that all actual in-line data and WET data are available 
for usage in improving the accuracy of the simulation. 
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Furthermore, for an improved-stability fabrication process, 
data fitting is substantially automatic. In addition, physical 
calibration of the process is not necessary so that automatic 
calibration is possible by simulation is achieved before a 
5 fabrication tool is used in manufacturing. An additional 
advantage is that simulated data achieve improved param- 
eter accuracy. 

Referring to FIG. 10, an overall structure of a fabrication 
system 1000 is shown in block diagram form. In this system 
10 1000, a fabrication process 1010, as circuits are fabricated, 
generates actual in-line data that is assembled in in-line data 
block 1012 and information for derivation of WET data 
measurement step 1016. This WET data is assembled in 
WET data block 1018. The in-line data and WET data are 
is entered into a database 1020. Data in the database 1020 are 
processed in automatic data extraction step 1022 at sched- 
uled intervals such as weeks. These data are assembled in 
data process block 1024 and applied to a calibration process 
1026. Matching procedures are implemented in matching 
20 function block 1028 to derive profiles and data which are 
entered into the database 1020. The profiles and data are 
applied to a raediction process 1030. Selected information in 
the database 1020 are also manually extracted in manual 
extraction block 1032 and mis data along with operator- 
25 supplied data 1034 are applied to a manual data processing 
block 1036. Data derived in the data processing block 1036 
are also applied to the prediction process 1030. A calibration 
process 1038 is also performed using the data from manual 
data processing block 1036. Information from the calibra- 
30 tion process 1038 is used in a manual matching function 
block 1040 to derive profiles and data resulting from the 
manual extraction of selected data, which are also entered 
for performance of the prediction process 1030. The predic- 
tion process 1030 generates prediction information for van- 
35 ous applications in block 1042. 

One practical use of a calibration run is to simulate a 
fabrication process, holding all parameters constant, but 
taki ng actual in-line data measurements over time. For 
example, in some embodiments of the method, data may be 
40 measured weekly over multiple weeks to detect shifting in 
process properties over time. Other applications for statis- 
tical simulation include monitoring of manufacturing 
processes, process development and improvement and com- 
parison of data for different manufacturing processes. 
45 The description of certain embodiments of this invention 
is intended to be illustrative and not limiting. Numerous 
other embodiments will be apparent to those skilled in the 
art, all of which are included within the broad scope of mis 
invention. 
50 What is claimed is: 

1. A manufacturing monitoring system comprising: 
a fabrication equipment for perforating a fabrication 
process step applied to a workpiece; 
35 a test equipment for acquiring a sample of a process test 
parameter sensed from the workpiece; 
a computer coupled to the test equipment to receive the 

process test parameter sample; 
a software program operable upon the computer system, 
60 the software program having a plurality of routines 
including: 

a routine for receiving the process test parameter 
sample; 

a routine for simulating a simulated fabrication process 
65 step which corresponds to the fabrication process 

step to generate a plurality of simulated fabrication 
process results, routine for simulating being a statis- 
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deal simulation of a semiconductor fabrication pro- 8. A software program according to claim 7 further 

cess further including: comprising: 

a simulation loop routine using single-step feedback a Monte Carlo simulation routine for iteratively updating 

in which a simulation step of a plurality of simu- simulation results using a random seed value, 

lation steps uses input parameters that are supplied 5 9. A software program according to claim 7 further 

from actual in-line measured data and generates comprising: 

output data; a routine for formatting a plurality of process test pararo- 

a subroutine for matching output data generated by ctcr kf ^ a M ^ mc; ^ 

the simulation step against actual in-line measured . 7 . — 

data* and 10 a routulc mafrhmg the process data profile to the 

a subroutine for adjusting a probability density struc- simulated profile, 

ture of the simulator after each simulator step so ™' A prograin accordmg to clam 7 wherem the 

that the simulated data more closely matches the s . oftw f c P^pm s^mulatog routine is a stottsticai Simula 

actual in-line measured data; and ttoncfa semiconductor fabrication process further compns- 

a routine for generating a simulated profile indicative of 15 in ** 

the simulated fabrication process results. * subroutine for deriving an input parameter to the simu- 

2. A system according to claim 1, wherein the software lation from an actual fabrication process parameter, the 
program further includes: input parameter being derived from a probability den~ 

a Monte Carlo simulation routine for iteratively updating sit V faction; and 

simulation results using a random seed value. 20 a subroutine for simulating an actual fabrication process, 

3. A system according to claim 1, wherein the software the actual fabrication process being modeled as a 
program further includes: probability density function. 

a routine for formatting a plurality of process test param- n - A software program according to claim 10. wherein 

eter samples into a process data profile; and me software program simulating routine is performed in 

a routine for matching the process data profile to the 25 Parallel with the fabrication process step. 

simulated profile 1Z A software program according to claim 10, wherein 

4. A system according to claim 1, wherein the software * e software V*°&*™ s^ulating routine is a statistical 
program simulating routine is a statistical simulation of a simulation of a semiconductor fabrication process further 
semiconductor fabrication process further comprising: comprising. 

a subroutine for deriving an input parameter to the simu- 30 * subroutine for repeating a plurality of simulation steps, 

lation from an actual fabrication process parameter, the rc g cated flying / varying random seed 

input parameter being derived from a probability den- ^ v^ uc 18 vaned using aMonte Carlo technique, 

sity function- and 13. A software program according to claim 10, wherein 

a subroutine for simulating an actual fabrication process, mc softwarc program smiting routine is a statistical 

*H2i TabSon g process being model* as a 35 of * semiconductor fabncation process further 

probability density function. comprising. 

5 A system according to claim 4, wherein the software a simulation loop routine using single-step feedback in 

program simulating routine is performed in parallel with the which a simulation step of a plurality of simulation 

fabrication process step. steps uses input parameters that are supplied from 

6. A system according to claim 4, wherein the software 40 actoal censured data and generates output data; 
program simulating routine is a statistical simulation of a a subroutine for matching output data generated by the 
semiconductor fabrication process further comprising: simulation step against actual in-line measured data; 

a subroutine for repeating a plurality of simulation steps, 311(1 

the repeated steps applying a varying random seed 4J a subroutine for adjusting a probability density structure 

value that is varied using a Monte Carlo technique. of the simulator after each simulator step so that the 

7. A software program encoded on a computer-usable simulated data more closely matches the actual in-line 
medium having computable readable code embodied therein measured data. 

controlling a manufacturing monitoring system, the manu- 14. An executable program code encoded on a computer- 

facturing monitoring system including a fabrication equip- ^ usable medium having computable readable code embodied 

ment for performing a fabrication process step applied to a therein controlling a manufacturing monitoring system, the 

workpiece, a test equipment for acquiring a sample of a manufacturing monitoring system including a fabrication 

process test parameter sensed from the workpiece, a com- equipment for performing a fabrication process step applied 

puter coupled to the test equipment to receive the process to a workpiece, a test equipment for acquiring a sample of 

test parameter sample and having a memory, and the soft- 55 a process test parameter sensed from the workpiece, a 

ware program loadable into the memory and executable on computer coupled to the test equipment to receive the 

the computer, the software program having a plurality of process test parameter sample and having a memory, and the 

routines including: software program loadable into the memory and executable 

a routine for receiving the process test parameter sample; on the computer, the software program having a plurality of 

a routine for simulating a simulated fabrication process & routincs including: 

step which corresponds to the fabrication process step a routine for receiving the process test parameter sample; 

to generate a plurality of simulated fabrication process a routine for simulating a simulated fabrication process 

results; step which corresponds to the fabrication process step 

a routine for generating a simulated profile indicative of to generate a plurality of simulated fabrication process 

the simulated fabrication process results; and 65 results; 

a routine for controlling the manufacturing monitoring a routine for generating a simulated profile indicative of 

system in response to the generated simulated profile. the simulated fabncation process results; and 
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a routine for controlling the manufacturing monitoring 
system in response to the generated simulated profile. 

15. An executable program code according to claim 14 
further comprising: 

a Monte Carlo simulation routine for iteratively updating 
simulation results using a random seed value. 

16. An executable program code according to claim 14 
further comprising: 

a routine for formatting a plurality of process test param- 
eter samples into a process data profile; and 

a routine for matching the process data profile to the 
simulated profile. 

17. An executable program code according to claim 14 
wherein the software program simulating routine is a sta- 
tistical simulation of a semiconductor fabrication process 
further comprising: 

a subroutine for deriving an input parameter to the simu- 
lation from an actual fabrication process parameter, the 
input parameter being derived from a probability den- 20 
sity function; and 

a subroutine for simulating an actual fabrication process, 
the actual fabrication process being modeled as a 
probability density function. 

18. An executable program code according to claim 17 25 
wherein the software program simulating routine is per- 
formed in parallel with the fabrication process step. 
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19. An executable program code according to claim 17 
wherein the software program simulating routine is a sta- 
tistical simulation of a semiconductor fabrication process 
further comprising: 

a subroutine for repeating a plurality of simulation steps, 
the repeated steps applying a varying random seed 
value that is varied using a Monte Carlo technique. 

20. An executable program code according to claim 17 
wherein the software program simulating routine is a sta- 
tistical simulation of a semiconductor fabrication process 
further comprising: 

a simulation loop routine using single-step feedback in 
which a simulation step of a plurality of simulation 
steps uses input parameters that are supplied from 
actual in-line measured data and generates output data; 

a subroutine for matching output data generated by the 
simulation step against actual in-line measured data; 
and 

a subroutine for adjusting a probability density structure 
of the simulator after each simulator step so that the 
simulated data more closely matches the actual in-line 
measured data. 


1U \ WO\Jf UHUU£ 


(19) CH»ei^«lil(KR) 
(12) §:>M8iSS(A) 

(51)lnt C| e (11) S^HeiS ^1999-0071784 

HQ1L 2V66 ' (43) SJmX\ 1999^09S27^ 


(21) 10-1998-0704062 

(22) SSiiJXI- 1998^05§!29iJ 

H 3 S M £ tt XI- 1 998 05H 29^ 

(86) ^fllSSHa PCT/US 1996/ 15511 (87) ^Hlg^HHS WO 1997/21244 

(86) ^HI*aSS!iJW 1996^09^27^ (87) ^HlgJHSJW 1997 ^06^12^ 

(81) Xl§^ EP SU^W : &± = Z\0i ^ IP I CHI ^ffl|&! 

: 01SJEHH gig 

(30) ?d3^§ 8/566,529 1995^12H04^ OR(US) 

(71) 0>£gH^^ U[0\B^ LIOiyfOIAI^ oj35aiO|E|^ U\3\2. 0|A|Df¥ 

□ l&S^ HBISUOf^ 94088 Ai U Uil^AI Si OflOISCIOI S^IOI^ 

(72) si a a 

□ I 5? «£|SL|OJ 95035 UEIEf^ ±±U\ HdfOIH 1517 

(74) naei *tss 

AM/^-F • — 


S ftfSg ^Xil SSHf SAICHI ^EHI S3I3 A!S6ilOj^CHI met 320IDL «fSH£ 

*^OUH £§9 a^»aD|EI^ AlgaiOIEIOII £J^£|H, AIMEIIOiei^ %M^*£^4^AH SiJ^a 

41 31 XII23Ss »3I|S A|gai0|£eCK 2J2*£| AI§Ei!0|d^gJ^ g*||S §1" 8HStt 4= £11= 3 

J2fg ?|SH &S*3jE! 8fe A|£-£H^2J SEII^SS g*±]« OjgoFOI gJS|£| 

ssmoi swbcl aisbhoi afe ^s§i£&4*2i §eh^ ^^^d. s^iAisaioi^a aim 

aiO|d£| ^ my CHI ?10\M MM oi^o!^§G||0|Ei0][AH ge Sfe SJ^ El- BJ- 0 1 El M OIS»fe 

ul^^S Olg^CK AIMBIIOiaOil SjuHAH *^ CHIOI EH oj ^^^^Q|0|EH2f WETPIOIEI^ * 

§ ai oi am sss &s chiah ojEiei^saioiaa u\jhbq. Aisaioiaa sfssis^sfe: ssibioi 
Eim ani oj^ej ^gaioiaoii a^ j\mn mm\^m zt Aisaioia^ii oi^chi sssck 


ai^boii as aom. 


g§Ai§aioi£s ssoh/h acHUfe s#s ass^i ?i§h asoia siyoii 2jen aioisa. mm 

g^EiM OlSSfe ^SS§01l OISSEK S^S AIS^IOI^ JU S^SS C Oil S MO] , Pisces, Medici, 
Suprem3, Suprem4, PdFab)0| S§ S^i££f rt:»2| ^l^^j S?\ ^^HAH ^^61 a?. ^H»a01 » 

^3°^ ¥Ei ?^s|D. otUfe XHBI^I ^§ ^F^S ^g^^oi ^stscib ^ 

ou, if ei ah x-iis^saiiAH cnioia^ a^^ s^i^ei aioiEHoia. aysiss as sshi 

2j B^jlOii AH £j ^X^l CHS ^§2,^ Oj&I^H^, Bffl QlOia^PJ^fe g§CHI ^§ 

m ^ishah^ ss^ma. oils soi, ^^^^ c m a^spi^ie xiis^scHi 212121 s^i Hsnm 

S ^FX|^ a§!I»5}DI9 A 2f B § Olg^OI ^I^^SOIIAH eaSOl £ 1 CHI MfcUia HSIU 
a C § SS&D. Xil^^SOilAH Olg^^ei- m§ ^§S[ §Sb ^Ol ^SOilAH ^CHXI^ e^!^ ii^ul- 

^g^oiCL nyu, Miysit nis^snf x-iis^soii as s^gj^n^DiaoiiAi oi§a^ x°i § 

sb«°j AtM^ioidnf sisggsi mum a§i ci^^qi ^ss^i a k n ees, ej^ej 

sioiffl a^i ^§ (wet) aioia^s, ss^^em oiss^qi ms^mo. wet ^ss 

Oil SlOlffl ^I^QIIAH ^§a^ Siia&i ?§2^i s»e CFSS 4i»S^imBf0iasi 


17-1 


S»»D SEH°J 5*!^ JHttS 9I& AlSaiOldS a^BSSSS «I55H0| ^fligaS 91 

laa rSSWi oifei §ss siai w>xi an=a. oiae sett asKt a^i* 
Aisaioi^ssft saa m= smmM ois safle s?<ia Qioias sss 4* aafe 

IS issass ¥9 ois^*e »a?ie qioihou aasfe tse xi^a ssi 3W2hh 

StQ. 

XHI^SSa SQfi agg 6[Ub I2gg§ SLIHSm 3HtiA|9|te 2S DI5§(fine-tuning)S§0|a] 

^iiS ass Uisla esssW oias soia. oiae sat saoii chs a±a sera e§ 
Ji°°bq aa* ^aixa xia so A*swt Aisaioi^ s^ass aioiaa ^as a«»oa 
aSi/d ¥aofa?afc3 »t esit aw/Ha a& astaafc ^asoii cm 

«OIQ ot« SOI EgHXI^asI LDD^Sa 9S SaS£¥SS S^AOIfe 2S ef 10 jiH^M 3£2| 

Es2'(dopant) Msaa kfe loo- a asssa asmoia. gsaaoii 21s as sana s§a 
5ai 5S°i sis issfeai wans, aaxnaoii siia ah iga en sshks/n ud chi 

HI^AISaiOI^SSS AISEIIOItf ai^M SOU ma(cal ibrate)Sa. 01 2§a§S ±Jgas 

5S™ assag tf«^«a^s«s axixi S2ss. 41x11 Aisaioi*22H= nana Aisaioi^ 

m ?iS5« 1 SxS s^a 2?sa. my ah. issss §ax^¥oia :Haoii sjohah ass^oj 
5so 3aa safe Ssaasai &301 aijlkhi aa a sua as. masas asoisat 
soiiAH a^a siasa. 

oiae sissasi ^ass mssaa suaua §s»#a s^oii asoi ^sm. wis soi, a 

5a o\®*\ asfexiii ohfe as wazie aoia. ses, oiash ^s »oiasoi asif ^§ 
2n°i sfsoiiAH agsj^s ^saoiaa. 

to 2» » oil siouH as ^ssoi SE4& 2oi as. -ass ssoisia. oias §§iS SH4 

a- am eiaei ^gaioiasi ^ma wet aioia^i §¥§m._^?ii oiss 4= apt aoia. &?\ ai 
oiate assaoii &6H ohs ^snia aioias ssso. 

aoixiti i SSsaa a^ste ^i^oihs ^s »oi« §m saa asoias ^a. sua, 

S*!30HS4=2ia. 

as a fisf 

a »as aaSauisaioifl) sib Aisaioiaoii a§sa. ^^a Aigaioia^us saa p^a 

ates a^aa. oia& Aisaioia^ tufsias s^s «sasa. 

Aieaioi^s Aigaioitf saoi urn aaaa ^aaioias *a §3 a& ifaa ^i 
ao ai oissS e^i nis^g oissa. Aieaioiacni aen «yaa^ »asaioiaei §a i^^ 
aSaS wet aioiafe ^aaioia^i ois saoy/na M^S 0 S 9 ; 5 5fSSxS3 
aioia^i oiwoi saaioiaoii ^ia^i DBxias^, Agaioiaa tni£?5fe ^^a sa^uoi 
S ma sVip aaS ska nis^a see m»s, a^a salvias Aisaioiaoii oi§a^ a 
S o aa si kas¥aa asan oigsioi ^^a ggisi nas^i ¥H sh §i«siafe aoia 
S» so) 37Hoi so :na saaas a asm nail es^i sish 100 ?na saisfss Aisaioi 
2"H0?«ai i AilaioTas aaaaoiiAi ^-4 s^i^a is-ii at sooo :Ha Aisaioi 
^Ag= sgg aoia. 

S3ffl» Aieaioias ¥ ^xi asi- laassa oii^ss-a Aisaioi^sss ss&a. &oia Aisai 
SSsas a? ^isaa a^B9isAH iniES^i oisstfe s?fia Aiaaioiaoia. 

eisfej^saioiaoii dhxisi^ sa a^aioias usea. Aigaioi^ ssx^ mas 
«Si xfsafe iifli eTaoTiaaioiaa ?ai?es xia&a. oii« sw. as^ei hisssoiiah. ^a 
SaoiE i =s 3e i gdssE ^s asas* sssife 4^a ga^aaa^ xiaaasia. a 
sa aifg ahM uiaga. nTaaia^ oi bias saw aa^H AHe^i gaassAH, is^ 
i§ sisH ^asisa. 

s tt moi A> 3 i ? |^ s a §g as ass ^fxin ao. □ sa sms axia noil as aas 
Saa assaaaoii eis^sm. ss^iwi sxh ois^e aamaa ssia s*m asso 
is stiis! AiaaioidoiiAH xisiiaa ^as asaaoiiAHa ^§i§i sas^i sai 4 = aa. 
AiSaioTd W*fe bbsi Aisaioiaa niaoia^s ssaiussah msmaaias 4§a°s ma 
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!L»e%aoi oe e fas sbe §ss sishibsi 3±* Meat boio. 

E , £ AiS aesK* §^4i aa»fc ¥ ^hsj ssa^nfBfoiEiHi aaiHsmas 14 a a im 
s 2 fc s ttasi aiai mi cm me Aisaioitf Ai^a^as uay s^e. 

E 3 S £ 2CHI 2A01AH AISMOId A|^U°J ^a(two-run)^ xHdlHrSS UBtfl £. 

£4feS ^§0, a A | 0101 cas saiAieaioid ana 21 isaii u&a is?ag. 

E 5 fe E 4 Oil 21 CH AH 32§3t|£|£| ^301019 2^i9l§^i QQ\* 

E 6A OUH 6C fc E 524 ^SQIOIB 3311888*21 82331 *8»3I fl» HSHii. 

E 7A 0IAH 70 fc 5|§0|O|02| 32*S!EI8§*2| SZtaa* HEM* 3£HE. 

£ 8 g e 4 Oil AH SS@ m§*HE|2| & *Hie!. 61*11 01 01 H« S2IQI0IEI0II 0H*IAI3lfe S^iSS U 
EJ-fcH 

e 9 fe s wasi &iai oti oil ens Ai§aioia°i on^ss u&y ss¥»s. 

E 10 S S WS2I 41 A| Oil Oil D>S S§A|^S2| SMI ^£2] U&tS g£^»M. 

r- n - „o aml « ii^aifonn^pj ri^s ilrllh gsESAH, &3I Al£g|(200)e aif& HlSSdl 

S" «™»a »sji «Aiaioiaa*as em sssks oilman, see, «»a«« s 
»Iai"S(2i«s is ; aSasitlisi saaoia. fast* w ss msm M»t «« 

B SSHAI-BIE AIS 31S»a. S BSS SS SI4IAI MS AH. SUN SPARC 20 AHB3 «86 PC 2jEHH1 

^ ,?=£inl2 A7^4?oor° ■Xi*»"|i shioi erases Aisaioiasi aaso. »«. a 

21 §*4Al^i02J SSSiOl 
S o?4 wliar ah ul»*«(310)S AIHBII0|flB3ll(312)» S&oHl, 2,^21 B3llfe 

idioTseJ a^a as **m+m oissiw qioiehs aaeo. 

Nisosi/ooniNiw TTi7HseH(^io)0IIAH *SS QIOIEHS Sj&S^fe Dl X|2| 0IOI EHS 0l^6|fe0l 0IS9CI. 

?i=a?iS«o l SS"aWa« "r el am i= aiaa aaoiat =ntst*a asaoi 
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(428) WET Gil 01 EH EiaDiaS ^SS^IflS ~3 WETGIIOI H^BI (430)8 SSSD. Q4»2| S3330IIAH 

Aigai 01^53011 3 ere api as ^isa 5§s oiaa ^aeo. Aisaioidoii 3aa s 

9 93114= 33Sl£a 24= ?ZQ\\M SfiS 33231 33S12 (1), *33teB 231 ^351^1 

(2), Aisenoidoi :ife6[2 o), ahs as Jisi 3ia Aigaioi*! Eiaaiaa ssioii aisea 

(4) 3?ia S3333 0114= XHtfS«a = 0IH2I EH2 3||0|S 4t», 3II0IS 0)1 S . ^iHIOJ 

ah a-si33 mm saaa. s§32£ xhb-i^se+^ichiah ^:>i4= s^xisaioiaa ssiasaioias s 
mm= ¥3ixi aaa s^c-uoia^i ^sea. s^xisaoiaa 0114= <ysi33, 3hoim tim^m , sa 

UBIS^JHIOII as QIOIEiS SSShCf. 1! 3x12! 01 01 a 4= Oil* sOi SEI4IEIS 31I0IM20I, LDD^IHIOIAH 
S| = SOU QIOIEIS 

ES5SE1& GIIOIEIfc; a330ia:i :J)3S)i= 332S¥9 £!3§2SAH, ES = SEfgJS 

ssaioia sat Eiaoia at si ois3¥^§ sasa Aieaioia g^e swaa. a usoii as 
a^a 333321 go)ioiiAH4r 321 bsixh a ^1(424)4? 3iiotE ^si3i ^ssm, eja-ei ^3^1 
(426)s ^a^wisi gioiaasEias ^§sa. 

3^1 A|gai0|£?33(450)a UM°\ aaa33(420)3 ®M 4=S@Q. AlgaiOltf Al 3^1(452)45 £331 
21^2133(420)2] £?|3taO|E|OI SS8KH A|gaiO|d33 (450)g s^SO-. 33>l 9101 id AR^B 
(422)S ?ia^MSI(Workstream IU )3 IS SSSIOiAI^B. SISM $|3^Mg(Remote WorkstreanT)3 it 
S SSHIOUI^iysi S^§5XHa. TCP/IP21 AHtH212| HIMSI30a II SSH A|gai0ld33 

(450)2S 0|g34= 2£IB!E||0|fiG||0|E|2) s3|CHI0iag £!3aa. AlgaiOltf AI3±l(452)g A| 

§3101^33(450)3 EiaOiaS S2|£| AlgXIOII 2|6H 333 2t©S 6) 3 1 AlgaiOld A|Sf 

^1(452)3 ±m21 AISBIIOId ±1(454)43 flSOIIt S2|2| AlgX133&S, LlgOllfer 61X11 2JE1 

21 ^3s ^issoioi Eiaaa&s asjsshoi eafl £1^3(424)011^ asa= asiaaaaisi asi^s 
s bo Aiaaa §3 a^a gj^Eiaaia:>i aisssxioii 3shah ssea. oiaa gj&uiaaa4= 
aaxna^a (424)3 Aisaioid ±1(454)011 ^§aa. ej 30101 at ona :>ixi §ehs 3gs 4= sick 

□ aU, 3^1 gJ^QIOiat 41*113301 AISfEPI 2011 S31I3 SSS^S HSSQ. SJSiaiOIH i£2JS2| 
HH^S ?I6H 310194= gSS13ll 4=^£I2, 3^32£ 0ICH3 ¥3H3 01019 3A10I2] QlOiagiS) *g 

s iaa s^acf. S33 s5@xi£i a?ia3ii« aft Qioiaa ssi3 aioiat S3ii^ 

gSa^SAI AlgoP|?|oH §B ?l^^nSufS3 US «S»4-S US-feSO. 8 21 B?ia3iia 

S3H3 s^si aioiafe ^^21 a?)Pi Aii;>ni2i ssaxioii 21a ^ast°s ¥9 tsaa 

uatna aef. S2oi HflS3ii2i gaoi oiy en, #-}\ a^fe uicHSssniais essi£ii2, saa 
eg 93 yoia asexiM §>fe ¥ 3h°j oin-?i^^n Sn iai2i ssss zi^aa. ^^isa^i ois^i 
fea iih as Qioiaa°s uEmt Qioiat aaoiaas ?ish Aigaa. ieisii ±±aa 
2f2t°i £4= Aigaioi<M §214= as Qioiaaacit *as4*s-M Aisaioi^3 §333011 
3§@a. 

Aigaioi<y 33(454)8 Aigaioia^iuoi wa a ei^sife s?iiAisaioids ^isesioi sfsep. =t 

at 2| AlgaiOldSiyS 2| S3||2!S5&4»S ¥E-)2| gts 21618111, CHS^fe §£^21 £Efc ^11 

sboi ma/d gjesats aaiwoi. ^ztai »3iisi«as^2i ats Sfea. Aisaioiasi sm§4oi 
a ai§4=^ #^ss2i 3«£« g^Aiaa. 

a ttaou us gj^xHanfaoiasi a«ife waAizi niaaaoia. aa. a»e mm aaa ^3S3 
4= aaxHaa?iioiiAH aoiaa. oiaa aaa ^3S34= n^iiaa^Bi(456)s o\n. a?\ Aisaioia 
^ej(454)oii aaaa. 3-31 n^§ag^ij(456)4? ea xHa^u(424)°s ^asi gj« luaoiaa a 
aa ^scuoias iag5i2, 01 two asa^s^s ^3spi?ish axiesaa. 331 Aisaioid^ 

1(454)011 AH ^3E! A|§3IO|d234= 2a aSHlS ^3 r^l (458)3 ¥=fflA|=^a(460)°S SBSCl. 

a 0 | ^5fflAi = ^a(46o)s sai^«saii AiMaioiaoii sea aihks atism. aaa aiie^s 

3^1 AIBEII Old ^1(454) Oil gi&O. 33| ea5SEia^3^i» l (458)0||AH4= ^1113321 23233 S 

Aja DHssfeQi oigs4= eaasnias ?3aa. Aigaioids Q4=a seii9Hisb3)Ioiiah aomin, 

01 OH 2|3|S| SEH3fSS93llte 331 AltgaiOld^iJ(454)3 Al 2 ^19 (460)S §814= 1 uH^M 5i 

aa. 

33| A|SaiOld^l(454)3 ¥3?IAIH^ij(460)0||Aia agHH^ El 2 9" ^ H S B 33| A|§SI|0|dA|^a 

(200a 23S ?ia 9a^u Ei2^3Haa «ai^ aa. ^21 Aisaioia^ig as Aigaioid^u 
§3i= ies g3isa. a Aiisaioia ^ a on Ant. aoia3i ^san Aigaioia asaoi 
n Aisaioiaa 2331 xna33°s eie^so. Aigaioiaa 234= Aisaioia^aoiiAH ^saoia 
aoiaa 3aa4=s aasfeaia oigaa. sa^i Ei2eH3nas oigsioi, ^is a 01 a 4= Aisai 

Ol^a 3^2S a3A|3|3|^5H ^a513HI AlgS 4 AHS LIS AlSaiOldZ.^ 3S^g3 SEia 

301 aisa. 

33| ElSJ^ii E|2^ 3HaS 3«l A|gai0ldg30l , Wg^CHS 24= AlgaiOld ±m°\ eel £333 

a a oil a^st 3aa4=s §>4= ^ Aigaioia ssoiiai iu- sai ^3 a Aisaioid3 
4= si5!2£ a=a. 

331 aaiH £1^^(424)21 ¥1 = 01 CH SlEfeJ ^3 ^ 1(426) Oil Al 4= 4f»¥12| QIOiaaSEiaS 
*9oH2 QIOIHHSBa 23M ^HIGII0ia/2aaiOiaUI52^1(462)2S SSaa. 331 A)33IQ|Oia/ 

eaaoia an^i(462)a saasEia^3^i(458)S¥a eaaoiaa aaa ^3aioia(426)s 
¥a 6! 33i aaaaioias 4=asioi, 01 aioiaasuiag 21 axis asis - 011 s sen, ±±suias 
a aa xis 3nasioi- uiaaa. 01^311 §33 xi4*asEias »sHsmans^a(464)oii 
s sap- aas?ia ons23^iJ(466)4? 01s aaaioiaM Afgsioi asissnfaaioiEi* aaaxi, 
24= 3?i a 01 a din^ i(462) oil ah 23a xisasEisJs ^iss ai»i QioiaM essaaejxiB 23a 
a aag^s DHUxna sa^i(468)a aaasagJouasH/H m^bq. 331 onsxna sa^i(46 

8) Oil Alt 321 QI0iabia^BI(462)S¥a2| xlMHSElSS ^ISS old, 3^1 2a°SEia33il 
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(458)S¥9 22|HSEiSls B^SjSS a»A|g]CK #31 OHSxHEl £S^U(468)CHIAHfe #3| » 

ssswai!} esiMsmas sasn*. 01*21 Aisaioias ?I6H e°is^ asa a 21 

§1 umsfegi oissife h»»4>« aaea. &:>i b*s4=« gpisie & &ass ^521 sasoi 

OISSQ. H-SJ-AH , ^HI^SQIOIEHOil 2|6H §°l3fe HI 01 H B (HI a^BS B!jS?)4=DHS0ll 5^ 

e a^&4=§ ssishfecii oisscf. aa, asi^saioiEioii 2isn saigxiatfe Qioisa?ioiife m 3 on 

SEiS±10l §2|SfeHI AfgECK 01 EH & QHSgS Sa^i §^£!Ai0l0ilAH21 

^xiAiaa. 

=Lt2t°i sheikh 3 Aiaaioi<y^gjoi &s£in e°jH£Efaoi ^a *, ^ s§3i!§ ?ish xh 
ei^uoi ?3|j|2s 4=sg>iu, asm Aisaioia, :2°*§eh, esiHsmsas. ¥^iai2, *uhihi 
oia/22iQioia dim, xnsHsnni*is. h«spi«& on§jas mm sesht Ainaioia xhei^iss 
dhsxhei ss^uoi *^s!2s ^an 4= sal en- . 61 »i a^a Hi soil a) 21 a* saiMBi^aa- now sn& 

m= AISaiOiaOilAHter gJ^EIEIDIEI HI 01 El « 0|g, ^HI2JE|2J 33S3 AISHIOia a3§OI 

^isieioh, m^oi fleiB^iib ^mxtis^io 221^1101 g-w 4=ssa. 

E§ idMUm i 1101*011, £XH| 3Sg 3£!S£^ty(428)2S 1292, sfH WETHI 01 EH^U (43 

0)g *||2E3§2| asS^BIOIEiM ^SSiOl WETHI 01 a SSSH. fe^l WET HI 01 EH 3911 

Si WET HIOIEHS ggShfe 29jiia^il(473)OII/H xHEISEL 

ea. a§ 22I2H ^moi*. Aisaioia3i!s 22i33g£±ii(47o)oiiAH sheiu, aas smai 
saioiaoi §xiAigaioia^i. i (47i)oiiAH aasa. sxiAnaaioia^awns oiaai Aisaioia 

gj CHI AH Eii HSUIS! §eM 2 01 AH ^sfflAlE Al§ai0ia§ OIS. &&\B\m£.&**m &CL SflAI 

gaioidssnfa^^^gj(47i)s a»i aaa wet hioiehoii sh&si^ sxihsdibis aaep. 

SE|^DHS^U(474)g WET HI 01 EH 21 &3CI Al ^EHI 01 <^ ^ (472) Oil AH 4iS§ SXIHIOIEHS ^ E|XIS±±SDh 

a - oils mch, ss»se2j §2i x\m 3ias^- din&p. oigxi ssi §xi*m=swsje gx\xi 

SHSDhaXHS^a(476)0IIAH XHSSP. WETHI 01 EH £&S fl& DHSaS^i!l(478)S 01321 22|WET0|O| 
E\m OISSIOI 221 SSIlfil HIOIEHS 2fe £PI g*l 5 SHI SI OH S AH(474)0IIAH S§S xiSii 

sfflii diss wetehi oi ehm a«»aejxi« assp. esss^s as wbi (400)21 siss^hs 

DISIS aa«SPI9l8H WET gfllHSHiS S&^I! (480)2| 22) WETCHI 01 EH OHI 2|SKM 4S8a. 

£31 52 gxH El (400) Oil AH ■feysa S^HIOIEHfe 0H§5Smgi3 22JHSEIS £¥f SSSC}. 

S US Oil DJS 2 §H El (400) 2| ^ Al Oil Oil 2iOH AH , MM 21Si21JHm (420)3 AlsaiOlfiSaS (450)S gfjjl 

aamo) sai«. ^ai^oiiah assi xis^2s aiaisq. a&, us aaioioi sichah, a^^a2^ 
§(42o)2f Aiaaioia]»s(45o)oi mm aasKM ^Aiau. ^ai^hi naiaxit at a. toy ah. agf& 
sifliaa^siaa Ai§aioi£±iU§oi its ^jii a^a^§(420)2i ^ssnfoiiAH sicna hioiehs 

&OI H£1SEiAU(456)3f i^S ^gJOIlAH fiEHSg^, 2H£fa A| 831 01 3§ (450)3 S6!S 

a. 

4^1 2§XHE|( 400) 2| EHS ^A|0||0il 2iOH AH , MM e!£fe!3S(420) 2S¥EH aEha HI 01 EH = »S 

ajo S ? |g 3 , Ah}, 2«BEH^i!(456)3 SB ^ Oil AH 32*fflHSS^S MM SI BfS! CHI 01 El 21 OIS 
OH ^sjEj SS g 9I8H ^S^lOIIl ^?|512S ^SISQ. 

2 6A Oil AH 6Ci= 2 5 2| 3^5101 H^SEHS^SHIOIEHS AS H^SEHgS^g ZiaiH 

S flS8t2 21CK HSIHEISS^S OAS SCH 2 421 2«»E|>tBI(456)(473)OII/d 4SBD. 2 5 

te ^SHIOIHM lEHSSffe H2*i|EiaSSK500)2| ^iUSS SS5|?|¥ia iS?J|§OIP. CHI 01 EH ^ 
§^il(510)0IIAH *gg2, ^§8 QIOIEHfe Slr^SIia XHS^ii(512)2| Cf4=2| gf»aa 2»S?I(6 

x)g2i 2}2|°i s?i2i a on aoiaci. qioiehs ss/hi^ hi-ei-oi eh . aEia^§xi4= hioieh, wethi 01021 
§Aig mma. HSAii^uheHoiEHfe msassa as, Aisa^ cnmsi asa-sm 21 

□ 1 °i n^AI|^EfEmiEH2 D\^5\Q . MSAH^K^DIEHfe DHL|>ig2, gSfAIZi is SfolOI 

?aact. feoi aafa^sxi4=QioiEifer ?iioim^5^hei^iis ?i& aa^wi. s^awi aiae sei^ 

SIS ¥WI S2| XHEI232I *§x|^M 4^1 WET HI 01 EH S^SgKVth), itaS^a^ 

(Vsat), ma MgH^5&iai(Gm), SSaW(ldsat) S3 a5|» H|EH3|EH^§33M IH 

agjiaiii, ^loiMasi^ij, >ii 01 moused, ^iinoiAHa&=i:ija2i mi 2 a si- 21 xiz\±ms 01 eh & 

WETHI 01 EH EfStDiaS J3ICH8feHI ^§ 5 g&S HISEI. MSAHI^mEIOIEH^ gJ^EfEfDIQ2| «SS SI 
t ^SDiej-OiaiiS HSAHI^OII IIS&EK 4^1 aEia^§xl^HI0|EH3 WETHI 01 a S3SAH 

*§ga, gj^niEfoiaeAH msaii^oii assao. 

2 6a «m a^a hioieh Asxi^atsj si^sngci u&ta 2°sah, ?is^s a»aa sxhs^i 

(6x)S UaLHH, AHIS^S ^Sxl4=Si2| ztat2| B?l(6x)0IIAH Sf^olfe HIOIH S2| 4i SAI& 201 
EK 2 6A OHI AH 6C 2^01 ^SS H^HSEHSS^S x|^^§gn HI 01 EH Oil 2| SHAH 4=S8H, 

2 5 OHI AH . 2xfgf7Jsf^H(514)S 2WS?l(6x)2| a^SUl ^§&i|0||2|SH ii3?l(6y)£ S38I0I, 
2} i:iJa^l(6y)?^ 5x £Q sfg S 2iOI3. 8J2|2| §4=(n)OII 2|5H Lf¥CHa SICH, S|4=at2| X[ 
OI(x)a Sis! giS £>feQ. 2 6B ^XHI aEfaHI0ia^§xl4»St2J SI^MHSS UaUl 512SAH, 
^IS^B gfftSfS ^Ua?l(6y)2| §4=(n) S&SUB Uaaa. OIEH& 2iS HlOia SSSf^il (516)011 
AH U^SfSOH, 2i Sl^sngSiS ^ iiJ3^|g?ia0IIAH SlilSI^ CHI0IEHS2I S^2| dlSM UatHEK 
2 5 21 S*§8J2S4> 2#^g!(518)S ^XHI aEia WE|0ia^2| ^H*BI£S^B aa&lEK 2 6C fc « 
SSJ2Sf^2| gjBIIHS Uaya. 2 52| ^^B2S«S^^gi(520)0||AHfe n ifI D JE^ai ^H(6y)2J 

2 7A Oil A) 2 70 b al ^ H EH S ^SQIOIEHS a^SEHSS^S 3HiHS WS&Q. ^§ HI 01 a HI 

AH WBES^fe ^S2j2£aElfe OISSJOS 2figOH OHS QI0ia2 xHEISXI affeEf. =§Hioia 
01EH ?HI g?l|uiEiDiaOil 2| SHAH XISSEI. 0115 SOH, ■HiaJE»4'3l 2 7A 2i 3^^655011 

axim2=, ^sHioia^ gawEj-Diast(u). fiswEioiaii(p). acHDj&oiaat. a^m&Diaaoii 
2|6Hah xisaa. as oiisah, »sa£»^Pi e 7B a as ^i^^ssoii axisi2^, ^gQioiat 


17-5 


SawyDI6ISi(g), SSniaOIEH2i(p)OI| 2I8H/HB »aS£- * T^J^^iS?, °! S £L5?iK§ 
S40h E 7C 2 iS dICHS 3^SSOI| MM»E*. ^SQIOIEI^ aiJitEJO EH 3i y ] I. SOW 3D EH 

a. aaaaoia&oii °imM xm&a. dw°4°s ^asas^oi £ 70 a ss 3^^2011 

£ » =aQioiab aemafDiaa(u)oii asHAis xiaaa. at^es, uiaa a bs aaoia3i 

S3i W, CH 3SS ^S8Ja&40> SiiBD. 

£ 8 a Afpi E 4 o| ^ X HI Q| 01 EH/221 QIOI EH dl aagi (462) , SXIHSK-81 OHS^U(474)01IAI ^S£lfe 

4?| feOI OHaS5K800)S £ 5 21 3|^S3^JH§^iJ(512), 2»8W»±H<514). Ql 01 EH § asiaS 
SS). A«E#+Slil(518). *«BI£»*4Sa±BI(S2Q)S 5BBO. ==»«««-i"^>«*L 
221 5§nH{SSil (458)21- §X| AIS5II 0|<3 HSIfS ^a 4U (471 )2| 1*0| 22ICHI0IEHH1 ®go\- 
°S!0IIAI a«£lte 22| QIOI ¥1*1 iHSEEb &3| ^gj (518) OHI AH £!aafe ^XHIQIOI EHM $\ S «f 

sssHsa SxUa ssmaaxissfoiiAife aaaaasa ^a 09a 3>aatya?is?i2.K)iiAH si 
Qioiaaai s4=2i bisoi 4i»iQioiEiHsmai2i z^g na^gia3ig?ia Qioiaaa disa 
axia^iSe aaaaaiJa ^Ha^Key-)* aaiso-. oias a^oo/H. aassa n MSSMjna 
nsiaoilsasa ^a n ^ni33i3soiii= ^ ±m aaa±a s Qioiaaa hiss u 

aLHfe SII, 4X11 QI0IEH5 ?IS atf naxl^(Sy) ±H. 81 XI S2| CHIOIEHfi 91 S 4f» 3iaxl 
4=(6y') aU, xl£4iia3|(6y-6y')S UEHHte fi4= S2| U|3|X| 24:31 XHSaOHSia. 

£38* 33^(822)011*1. E^±J.[°l SI3S4=te -K BfS2| ^Slfe SOtOIIAH 3 »BI*I 21*01- as 

XI x-.g}*^ ^sejss* §§ oissioi asaa. sas^a a oil oil /dt &4>»4ot asaon «40t 
a Jan asasaasoi ^§a2 *^3i attsu. s-mto xia^sa as u. a4>«£fe a 
55 Pisao em a^s^ a^ aacisiis^ sias^s mssixi aw ra. ¥ aw a 

S4S4>Y=lf*&a 3|§aSS &EH« SSttHSHI 6f¥l2| CI8^S4¥H 3SS0-. °J^2S, P 

g aVeToih* aksfej a^^Ei a= Aisaioiaoia. em saasas axiss 

ra. si?i asas4o* siaaEHa a=a. 

* ataoi as oH8S=t(8oo)oii asH 201x1;= ass 2>as^s3ii5aa mm chioieh aioioiiah xisa 

I S=§V§>& ass^oii as ^a Aisaioi^a^ait 3HJ^sia= soia. 4Pi »ao 
as} giioieh*§2| g?ife e>is?i^2i sia^aa^ion °\m ztea^i atiaois* 2ia^, am ^s? 
5^ is?r»aH2ifc ¥ 3h2| aaeoii ifli^s sisea. oit oiis sen s^iisize^ai 

10%. 35%, 75% 3| 4JXHI CHI0IEH2I 10%, 35%, 75% Oil M&ELl. CHI0IEHS A|0|2| CHIOIEH ^ SZhSOII 2| 

sh 3^6i:>ii ^§aa, 

6f3l OHSS=f(800)0|| 2|5H SOHUfe aCIS §S§ a£A^|^3^ f?S8|?HI ^192, 0H2 CHI0IEHSS2I 

SsmaoiiE 3s57i8?Q-te aoia. as sas s?i «ttsi cnioiaaoiia 2is«4> actfe 

ao!a as xH-aaar a«sas ^aa a#sfe aaaoiaoi ^§»« 2iab 

aoia. 

as. ^31 OHSS=f(800)S Bflttta CHIOIEHM xH£|S|2, S^2| S3ll«tta 2iS ^^^f^'rot 

aDiaii aissiasAi ^ohxi& ^«3i^s 22is wi^sa. aaAH, ohssskboo)s as QIOI a Oil 2| 

c? 3H^a »sWVs Ta^aa *sas ?isn mi anna as.^01 aaaioiaoii a shah aaaxi sis 
s«a ^ss^oii ois@a. 

a^xnaa ¥is 01 oh 011 a 3i ^saa. ssxi^ ggxi^ai ej^aaoia a^ saasis assi 
t wil^asVs aiaima* xiasa. xiaana^s aaaiat a a ah a 011 ah e#@ aaoia 
vizms diieci. a 9 chiah ssoi. siswxia gj^aaaaa ssxma aejaaaaoi 
3iiaa as^gj^aama/saasoi s§g& AisaioiaAi^^s(9io)°s ?a ou^xnaooopi 

ARSO.' Aisilaa A|§aiOI^^U(912)OHIAI aisqioi^oi Ai^aa, AISAIXiaCHIOIEHa aioia » 

asS/3a Qioias oiswoi aeaaoi a»sa. as. aaaaas^uoujoiiAH aaasu^oi 

5t A^(918)0IIAi a*SP. xna#a^iJ(920)CHIAH OII^AISQIOI^S ISffflWH Q »» «i^ P D ' 

EH3i oia*H aa^saa. a a. s»Amaioiaoi axiAisaioid^iJ(922)oii>d ^saa. 

SxiAisaioid°s _ ^a ^aa sswas as^a ohs^u(924)oiiah Msaon, aa wetqioiehm a 
asa. 

axiAisaioi^oHW Etat wETQioiat §as QHsa a&3^s oigsioi naAisaioia #a eia 
oj cnioiaa m^B a^aa aaaa. 

s a son as aa xnaaaa §as aaaioiaa ^xnicnioia a^3i sac^i. nasa^aafe 
s^aios a^onaafe aoia. as. ag ^xhi ejaeiaioiasH wet qioieh3| Aisaioiaa a^ 
15 s^APifeQi oisitwa. assoi. saaoi saa maaas ?isy. chioieh asaas usa 

II oi?«sB se xnaaacniAHa saaaaoi lasm aoj/H Mfasoi jis 99«* £89 
3iaoii oi^axife Aisaioidoni asH/d asaaoi 3^sia. ecib sas a as 011 as aaaioia 
te aaoiaa a^ani saAigja. 

a 10 s maAi-sa axHi?a(iooo)M assi3i ?is s^esah Six 

^(1012)0!IAH OHgJMafe ^XHI eiBJB! QI0IEHS «^5[2, WETQIOIEH *a^iJ(1016)a ESIH5 

sa oi wet SolSi wETQioias^(ioi8)cHiAH oiiiscf. °ja°j Qioiaa wETCjoiafe a ajw^ 
(ioa»s gj^an. Qioiauiioi^(io2o)a aioiat ^ a^a as aoHa ii§qo 9fsa| 

( 1022)011 ai xnaaa. 01 is^i xnaa chioieh^ aioia*i£i»*(io24)oiiAH waiaz . is^a( ceww 

asan OHSSxIfe CHI 01 EH tHI 0| 4 (1020) a 2J^a^ HSUlia CHIOiaS ESo|3|?|oH OHSS^s^ 

no28jo«AH L°saa ii E#a ssmai qioieh= on^xHa(io3o)oii ssaa. chioieh mi 01^(102 
oiofii I V"is sat as ^s^*b^(io32)oii/h ^§2s ¥§a2, 01 chi 01 a asaoiiasH sa 
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oi«so «5r«Siao5i)i= s4(i04 2 )a oae »bm nasi »«si assc. 
e igcHi a«Ai ^ * **aoia*ia. ^ 

ovq a^|oj ^ 0 |£1 :>l = 0ll Si^& AfgiS OI^OII §¥9 g^a°l01l DIsEIOl g-IHCH^- - =o 

si g'Wa fin eioii m pse aa. as. ssoi m^sia. 

J9ISS32I ±XH0II 3§9te: Xil^SS^iim *«8PI*ie SISSHia; 

ao| g§EHiME|£|Oia SSi ^dSI?l?l6H BI^SSHIOII 
lo, 399^3019 Bgl M. 

mi rnS«t!= poiTJi^sS^liS A|g£IIOI>a5 fe ¥6!. 2°l XIISS1! 32m UEfLH^ ^-J-£W== . ° 

Ss^iisli 5*9 Vea assa. aw=iAi±iyoiiAH ms^s ±hm*ioi a»oH= 

gg^kgoi HIS SUEigAl^gJ. 

XII 1 &0II 21CHAH, 

I AisaToTa^as eh sesfb si ^s^s sife as auasAi^a. 

3 

XII 1 soil aiCHAl. 

i?g ^ S £3ss ct^°i gs9i-<= mama ggaioia =smaoii ssuwt 

¥6! 21; 

a^i gsQioia ssmaa 2 °i sswaia ohsshs ¥es eh sgsite a§ ^s°s oi^ xiis s 

GaUM^S. 
4 

XII 1 &0II SiW/H, 

*7| ± = 5?3g A|SaiOI^¥@S ttSfl » SB « JSffiff iin^ ^Vj*° § ^ 

maoHM AiSSomss. i£s^¥a s#£ife gj^yoias Eiofc AH«¥e:». 
s giES xg sssiafe ±™s§§s Aieaioi^sffe ah«¥@s eh sss^ as oife 

xll£ SLiaSAI^H. 
g?S 5 

XII 4 SOU aiCH/d, 

^ng ? j|01 5 £3 g A|gaiOld¥SS JISSS^ESa SAIOI 4=S9fe 23 ^S°£ »fc 

is suasM^fy. 

6 

XII 4 SOII 9lO\M. 

ii s S o £ sife xii s suhsai^h. 

7 

XII 4 SOU &CHAH , 

AO| ±=e W0 | HS3B AI§aiOld¥@S E|*2| AlgaiOlfi^gS SIL|3 1 ^IB|IO|fl^S0l flJII SJ 
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4tJ\ AI§aiO|^iJO||AH m^m\BS\ MM e!&SJ^SQI0|H» QHSSfe AHS¥Sa; 

SSIBIOIEPt ^Xil SI a 2! ^SQIOIEIOII EH^ ¥8WE* ^ 221 ±g| 01*011 AlBMOia SSpBJ 

§ sTsak^Ss sss^ m»?e!« eh s»8ffe.»£H jii^sssi s^iAisaioi^ss ^g°s si 

S^S 8 

^xns¥Ei axis gsai^ maniasi ses ai^sm; 
a4=£i esiaisssaa* ^sspisish £Pi xiisss^hjoii tussfe a2ini£gsius Aisaioid 

S3I a2|J||£gSgaB UEfLHfe a°1HSIttSiS ^^Sfe ill SSofb aS Ste 

I ei aLigsaa. 

S^S 9 

M 8 SOII &ICHAH, 

6PI AlitaiOldaSS? gJ2|2| AIE&S 0IS3KM A|fiai0ld2aS »** 2 f , S^** SEII ^" S Al 

gaioid^ss ^tysife igi eh ssmfe as f§°£ »t= sissssi slieissb. 

10 

M 8 &0II &10UH, 

a4s£ | gggi^e nfyoia 2SS S3 Ql 01 El MS^aiOII Svelte asa: 

tf3| 5SQI0IEI HSfflaia 22| SSEtai OHStffe iSi 0 SSSlfe 21 ^S2S Site 
2| 2U9SSS. 

S?» 11 

SI 8 &0II StOI/H . 

feoi Aisaioiaass asa hissssi s^iiAisaioiaasoia, ^ssjas^oun ttat gJ^uiy 

DIEHS A! HI HISSS Hl-E-hOI EH CHI AH AISai0ld2S E«5lte asa: 

^saas^s eiM^ ^iisgsi Aisaioiasfe ass eh ssstfe a§ ?s°£ site 
i§ 2i su&m&a. 

12 

H 11 SOII 21 01 AH. 

&d\ Aisaioiaass 6PI aisss^na saioii 4=safe as ^§°s sfe «iss§2i sLiaas 

13 

1 11 SOU 210UH, 

1 ?m aihWs sssn= ck»2i Aieaioid^s emmt ass eh sssib as at 
g§2i sua asa. 

14 

m 11 SOII 2101 AH, 

sm Aisaioidass ise§2i saiAisaioiaoin. ^4=2) Aisaioid^iJg ^"diL^X*! 
oia^Hoi Sfli efaei ^sciioiasva sea ^ni£iDiae mssk* s^Qioias ^ssite bsj 

nia^s oigsife Aisaioia¥5« te&site asm; 

Aigaioid^gioiiAH s^cnoiaa- *jhi ejafej ^ggioias on-site asa; 

esiqiois^ ^xii ejyoi *saioiaoii eh^ ^aai oHxisia^ zi ^f^^S 0 "*?' i!52 0lfl " 
sa^2i sfsaa^sa sssite ass eh a&site as ^§°s site wisgs ana asa. 
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